A novel Gram-stain-negative, motile, aerobic and rod-shaped alphaproteobacterium, designated strain KHS03 T , was isolated from the intestinal tract of a Japanese flying squid, Todarodes pacificus, which was collected from the East Sea, Korea. The new isolate shared 97.4 % 16S rRNA gene sequence similarity with Sedimentitalea nanhaiensis NH52F T . The isolate grew optimally at 25 C and pH 7 in the presence of 1-2 % (w/v) NaCl, and had an absolute requirement of sodium ions for growth. The major cellular fatty acid was C 18 : 1 !7c. The primary isoprenoid quinone was ubiquinone-10. Polar lipids comprised diphosphatidylglycerol, phosphatidylcholine, phosphatidylethanolamine, phosphatidylglycerol, an unidentified aminolipid and two unidentified lipids. Genotypic analyses indicated that the whole genomic DNA of the isolate had a G+C content of 59.9 mol%. DNA-DNA hybridization showed that the isolate shared 17.1±2.3 % (reciprocal 17.0±1.9 %) genomic relatedness with the closest related type strain, S. nanhaiensis NH52F T . Strain KHS03 T is thus suggested to represent a novel species of the genus Sedimentitalea, for which the name Sedimentitalea todarodis sp. nov. is proposed. The type strain is KHS03 T (=KCTC 42412 T =JCM 31160 T ).
The genus Sedimentitalea is composed of one species, Sedimentitalea nanhaiensis, which is affiliated to the genus Leisingera (Sun et al., 2010) . Recently, the descriptions of the genera Leisingera and Phaeobacter were amended and their constituent species were re-classified using genomescale and matrix-assisted laser desorption/ionization timeof-flight (MALDI-TOF) MS analysis data (Breider et al., 2014a, b; Riedel et al., 2013) . Leisingera nanhaiensis was re-classified as the type species of the genus Sedimentitalea (S. nanhaiensis NH52F T ), and several members of the genus Phaeobacter were added to the re-circumscribed genus Leisingera. Members of the genus Sedimentitalea are Gram-stain-negative, beige-coloured, non-spore-forming, non-flagellated, motile, rod-shaped, aerobic bacteria that require sodium ions for growth. The major fatty acid is C 18 : 1 !7c, the DNA G+C content is about 60-61 mol% and the major isoprenoid quinone is Q-10.
Phylogenetic analyses based on 16S rRNA gene sequences showed that the genera Leisingera, Phaeobacter, Marinovum, Thalassobius, Roseobacter, Ruegeria, Shimia and Pseudoruegeria form a monophyletic clade within the family Rhodobacteraceae, whose species have all been isolated from marine environments (Brinkhoff et al., 2008) . In this study, a newly isolated bacterial strain, KHS03 T , is described and proposed as representing a novel species belonging to the genus Sedimentitalea, family Rhodobacteraceae. The taxonomic position of strain KHS03 T was verified in studies comparing its 16S rRNA gene sequence and physiological, biochemical, chemotaxonomic and genotypic characteristics with those of other bacterial strains.
Strain KHS03 T was isolated from the intestinal tract of a Japanese flying squid Todarodes pacificus, collected from the East Sea of Korea. Homogenized intestinal tissue and fluid were diluted using sterilized PBS (Bioneer), inoculated onto marine agar 2216 (MA; Difco) plates and aerobically incubated at 25 C for 2 weeks. A colony was spread on fresh MA medium at least three times to obtain a pure culture, which was preserved at À80 C in marine broth 2216 (MB; Difco) containing 40 % (v/v) glycerol.
For phylogenetic analysis, the 16S rRNA gene of the isolate was amplified by the colony PCR method using PCR pre-mix (iNtRon Biotechnology) and two universal bacteria-specific primers [Bac 8F (5¢-AGAGTTTGATCCTGGCTCAG-3¢) and
Bac 1492R (5¢-GGYTACCTTGTTACGACTT-3¢)] (Lane, 1991) . The 16S rRNA gene fragments were assembled using SeqMan software (DNASTAR), and the 16S rRNA gene sequence of strain KHS03 T (comprising 1393 nt) was compared with those of other strains via the EzTaxon-e server (Kim et al., 2012) . Sequence comparison showed that the isolate shared 97.4 % similarity with S. nanhaiensis NH52F T . The 16S rRNA gene sequences of the isolate and those of related species on the EzTaxon-e server were aligned using CLUSTAL W (Thompson et al., 1997) , and a phylogenetic consensus tree was reconstructed using MEGA version 5 software (Tamura et al., 2011) . Phylogenetic distances were calculated using three algorithms based on 1000 bootstrap replicates: the neighbour-joining (NJ) (Saitou & Nei, 1987) , maximum-parsimony (MP) (Fitch, 1971 ) and maximumlikelihood (ML) (Felsenstein, 1981) algorithms. The phylogenetic consensus tree indicated that strain KHS03 T occupies a taxonomic position closely related to that of S. nanhaiensis NH52F T , which is the sole species within the phylogenetic radiation comprising the genus Sedimentitalea ( Fig. 1) . A polyphasic approach was used to investigate further characteristics of strain KHS03 T and closely related taxa. S. nanhaiensis To identify suitable growth conditions, strain KHS03 T was incubated under various conditions of temperature (0, 4, 10, 15, 20, 25, 30, 37, 45, 55 and 65 C) , salinity [NaCl-free laboratory-made marine broth media supplemented with 0, 1, 2, 3, 4, 5, 6, 8, 10, 12 and 15 % (v/v) NaCl] and pH (pH 4, 5, 6, 7, 8, 9, 10 and 11) , and the optical density of the cultures was measured at 600 nm using a spectrophotometer (SYNERGY MX; BioTek). Media with different pH values were obtained by adding the following buffer solutions to the media: MES (10 mM; pH 4-6; Sigma-Aldrich), TAPS (10 mM; pH 7-9; Sigma-Aldrich) and Na 2 HPO 4 (10 mM; pH 10-11; Sigma-Aldrich). To obtain more detailed information of growth conditions, further tests of growth salinity and pH were performed in MB with 0.2, 0.4, 0.6, 0.8, 8.2, 8.4, 8.6 and 8.8 % (v/v) NaCl, and at pH 5.2, 5.4, 5.6, 5.8, 10.2, 10.4, 10.6 and Table 1 . Phenotypic characteristics of strain KHS03 T 
and the type strains of closely related species
Strains: 1, KHS03 T ; 2, S. nanhaiensis LMG 24841 T ; 3, R. litoralis JCM 21268 T ; 4, T. omphalii KCTC 12333 T . Unless otherwise indicated, all data are from the current study. All strains were positive for catalase, oxidase, alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase and acid phosphatase enzyme activities; produced acid from aesculin and 5-keto-gluconate; and assimilated succinic acid monomethyl ester, acetic acid, b-hydroxybutyric acid, a-ketoglutaric acid, DL-lactic acid, L-alanyl glycine, L-glutamic acid and D-serine. All strains were negative for lipase (C14), trypsin, a-chymotrypsin, a-galactosidase, b-galactosidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase enzyme activities; reduction of nitrates to nitrogen, indole production, D-glucose fermentation and gelatine hydrolysis; production of acid from erythritol, adonitol, methyl b-D-xylopyranoside, sorbose, inositol, sorbitol, methyl a-D-mannopyranoside, methyl a-D-glucoside, N-acetyl-glucosamine, amygdalin, arbutin, salicin, maltose, lactose, melibiose, sucrose, trehalose, inulin, melezitose, raffinose, starch, glycogen, gentiobiose, D-turanose, L-arabitol, gluconate and 2-keto-gluconate; assimilation of a-cyclodextrin, dextrin, N-acetyl-D-galactosamine, N-acetyl-Dglucosamine, adonitol, i-erythritol, myo-inositol, a-D-lactose, D-mannitol, melibiose, methyl b-D-glucoside, raffinose, L-rhamnose, D-sorbitol, sucrose, turanose, xylitol, D-galacturonic acid, D-gluconic acid, D-glucosaminic acid, D-glucuronic acid, itaconic acid, a-ketovaleric acid, malonic acid, quinic acid, D-saccharic acid, sebacic acid, glucuronamide, hydroxy-L-proline, L-leucine, L-pyroglutamic acid, DL-carnitine, phenyethylamine, putrescine, 2-aminoethanol, 2,3-butanediol, a-D-glucose 1-phosphate and D-glucose 6-phosphate. +, Positive; À, negative; ND, no data reported. L-Fucose, D-psicose and citric acid + À À À Glycogen and pyruvic acid methyl ester + + À À a-Hydroxybutyric acid and a-ketobutyric acid + + À À L-Asparagine and glycyl L-glutamic acid + + À À L-Aspartic acid and glycyl L-aspartic acid + + À À L-Phenylalanine, L-proline and L-threonine + + À À D-Fructose, D-galactose and a-D-glucose + À + À 10.8. All bacterial cells examined in the current study were cultured under optimal growth conditions for 48 h. Cell morphology and motility were observed through a light microscope (ECLIPSE 50i; Nikon), and cell size was measured by ProgRes CapturePro software (version 2. 8. 8) (Kim et al., 2015) . To observe detailed cellular morphology and surface characteristics a field-emission electron microscope (SUPRA VP55; Carl Zeiss) was used ( Fig. S1 , available in the online Supplementary Material). A motility test was performed by inoculating strain KHS03 T into semi-solid MB medium containing 0.4 % agar (Tittsler & Sandholzer, 1936) . Anaerobic growth was checked by incubating cultures for 7 days in an anaerobic chamber with an atmosphere composed of N 2 (90 %), H 2 (5 %) and CO 2 (5 %). The facultative anaerobe Lactobacillus intestinalis DSM 6629 T was used as a positive control.
Cells of strain KHS03 T were Gram-stain-negative, rodshaped (2.4-3.0 µm long and 0.6-0.9 µm wide), motile and aerobic. After 48 h of growth under optimal growth conditions, colonies on MA medium were beige-coloured, watery, circular and raised-elevated with an undulating margin. Growth tests showed that strain KHS03 T grew optimally at 25 C (growth range, 4-30 C) and at pH 7 (growth range, pH 6.0-10.2) in the presence of 1-2 % (w/v) NaCl (growth range, 0.6-8.0 %).
To confirm the physiological and biochemical characteristics of strain KHS03 T , enzyme activities were checked using API ZYM test strips (bioM erieux), and amino acid hydrolysis and assimilation reactions were tested using API 20NE test strips (bioM erieux). Acid production from various carbohydrates was determined using API 50 CH test strips (bioM erieux) with API 50 CHB/E medium (bio-M erieux), and utilization of individual carbon sources was tested under optimal growth conditions using GN2 Micro-Plates (Biolog) with GN/GP inoculating fluid (Biolog), according to the manufacturer's instructions. Enzyme oxidase activity was determined by examining for a blue colour change upon exposure to 1 % (w/v) tetramethyl-p-phenylenediamine (bioM erieux), and catalase activity was determined after exposure to 3 % (v/v) hydrogen peroxide solution. The different biochemical characteristics of strain KHS03 T and the type strains of S. nanhaiensis, T. omphalii and R. litoralis are listed in Table 1 .
Genomic DNAs of strain KHS03 T and S. nanhaiensis LMG 24841 T were extracted using the method of Rochelle et al. (1992) . All genotypic analyses were performed in quadruplicate. The DNA G+C content was estimated by following changes in fluorescence during thermal denaturation of DNA. The following completely sequenced genomes were used for calibration: Akkermansia muciniphila ATCC BAA-835 T (55.8 mol%) , Bacteroides fragilis NCTC 9343 T (43.2 mol%), Bacteroides thetaiotaomicron VPI-5482 T (42.9 mol%), Escherichia coli K-12 (50.8 mol%), Ruegeria pomeroyi DSS-3 T (64.1 mol%) and Streptococcus parasanguinis ATCC 15912 T (41.7 mol%) . Melting curves of strain KHS03 T and calibration strains were obtained using the (2014a, b) . ‡Data from Kurahashi & Yokota (2007) . §Data from Shiba (1991) .
CFX96 real-time PCR detection system (Bio-Rad Laboratories), and SYBR Gold I nucleic acid gel stain (Invitrogen) was used for quantification (Gonzalez & Saiz-Jimenez, 2002) . The result showed that strain KHS03 T has a DNA G+C content of 58.6 mol%. To determine the genetic relatedness between strain KHS03 T and S. nanhaiensis LMG 24841 T , the DNA-DNA hybridization (DDH) method using a genome-probing microarray was used (Bae & Park, 2006; Bae et al., 2005; Chang et al., 2008) . The DDH experiment was performed in sextuplicate. The degree of genetic relatedness was calculated from the signal-to-noise ratio of the genomic probes (Loy et al., 2005) using Array Sifter Express (version 1.3) software. The mean genetic relatedness value between strain KHS03 T and S. nanhaiensis LMG 24841 T was 17.1±2.3 % (reciprocal 17.0±1.9 %), which was lower than the recommended cut-off value of 70 % DDH for species delineation (Table S1 ). This indicates that strain KHS03 T represents a distinct species in the genus Sedimentitalea.
For fatty acid, polar lipid and isoprenoid quinone analyses, strain KHS03 T and closely related species were grown under optimum growth conditions for 48 h on MA plates and then harvested. Fatty acids were extracted using the standard protocol of the Microbial Identification System (MIDI, 1999) and analysed using an Agilent 6890 gas chromatograph (Agilent Technologies). The peaks were identified using the Microbial Identification software package (Sherlock, version 6.2) and TSBA6 database (Sasser, 1990) . The fatty acid profile showed that strain KHS03 T has C 18 : 1 !7c (82.5 %) and C 10 : 0 3-OH (4.3 %) as its predominant cellular fatty acids (Table 2) . Polar lipids were extracted according to the procedure of Komagata & Suzuki (1988) and developed by two-dimensional TLC on a silica gel 60 F 254 plate (Merck) using two different solvents: chloroform/methanol/water (65 : 24 : 4, by vol.) for the first dimension and chloroform/acetic acid/methanol/water (80 : 15 : 12 : 4, by vol.) for the second dimension. Spots were visualized using 5 % (v/v) ethanolic molybdophosphoric acid (Sigma-Aldrich) and identified by appropriate detection reagents (Tindall, 1990) . Ninhydrin reagent was used to identify amino-group-containing lipids, Zinzadze reagent was used to identify phosphorous-group-containing lipids and a-naphthol reagent was used to identify glycolipids. To characterize phosphorous-group-containing lipids, polar lipids were developed by one-dimensional TLC along with five standard compounds [diphosphatidylglycerol (DPG), phosphatidylcholine (PC), phosphatidylethanolamine (PE), phosphatidylglycerol (PG) and phosphatidylserine (PS)] (Sigma-Aldrich) using chloroform/methanol/ acetic acid/water (50 : 6 : 6 : 1, by vol.) as the solvent, and the phases of the spots were compared. Strain KHS03 T was found to contain DPG, PC, PG, PE, an unidentified aminolipid (AL) and two unidentified lipids (L1, L2) ( Fig. S2 ). Isoprenoid quinones were extracted according to the method of Collins & Jones (1981a) . After the removal of particles by centrifugation, compounds in the supernatant were identified by reversed-phase HPLC (Collins & Jones, 1981b ) on a Thermo ODS HYPERSIL (250Â4.6 mm) column. Quinone analysis showed that strain KHS03 T has ubiquinone-10 (Q-10) as its primary isoprenoid quinone.
On the basis of the different phylogenetic, physiological, biochemical, chemotaxonomic and genotypic characteristics, we propose that strain KHS03 T represents a novel species of the genus Sedimentitalea, for which the name Sedimentitalea todarodis sp. nov. is proposed.
Description of Sedimentitalea todarodis sp. nov.
Sedimentitalea todarodis (to.da.ro¢dis. N.L. gen. n. todarodis of the squid Todarodes pacificus, as the type strain was isolated from the Japanese flying squid, Todarodes pacificus).
Cells are Gram-stain-negative, rod-shaped (2.4-3.0 µm long and 0.6-0.9 µm wide), motile and aerobic. Growth occurs optimally at 25 C (growth range, 4-30 C) and at pH 7 (growth range, pH 6.0-10.2) in the presence of 1-2 % (w/v) NaCl (growth range 0.6-8.0 %). After incubation for 48 h under optimal growth conditions, colonies on MA are beigecoloured, watery, circular and raised-elevated with an undulating margin. Positive for catalase, oxidase, alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase enzyme activities. Able to hydrolyse nitrate to nitrite and produce acid from glycerol, ribose, aesculin, D-lyxose, D-tagatose, L-fucose, 5-keto-gluconate, D-xylose, L-xylose, fructose, T . Values are expressed as percentages of the total fatty acids. Fatty acids comprising less than 0.5 % for all strains were excluded. À, Not detected.
Fatty acid 1 2 3 4 Saturated C 16 : 0 2.7 0.7 1.4 9.1 C 17 : 0 0.5 À À À C 18 : 0 0.8 0.5 1.7 À Unsaturated C 18 : 1 !7c 82.5 50.9 89.5 73.4 Methyl-branched C 18 : 1 !7c 11-methyl 2.0 13.3 1.1 5.1 Hydroxy C 10 : 0 3-OH 4.3 8.5 3.8 3.2 C 12 : 0 3-OH 2.0 5.4 À 1.9 C 14 : 1 3-OH À À 2.3 À C 16 : 0 2-OH 2.7 14.9 À À C 18 : 1 2-OH 0.3 1.3 À À Cyclo C 19 : 0 !8c cyclo À À À 6.9 D-fucose and D-arabitol. Succinic acid monomethyl ester, acetic acid, b-hydroxybutyric acid, a-ketoglutaric acid, DL-lactic acid, L-alanyl glycine, L-glutamic acid, D-serine, L-fucose, D-psicose, citric acid, glycogen, pyruvic acid methyl ester, a-hydroxybutyric acid, a-ketobutyric acid, L-asparagine, glycyl L-glutamic acid, L-aspartic acid, glycyl L-aspartic acid, L-phenylalanine, L-proline, L-threonine, D-fructose, D-galactose, a-D-glucose, D-mannose, succinamic acid, L-alaninamide, D-alanine, L-alanine, thymidine, glycerol, DL-a-glycerol phosphate, L-ornithine, L-serine, g-aminobutyric acid and L-arabinose are utilized. The major cellular fatty acid is C 18 : 1 !7c. Polar lipids comprise DPG, PC, PE, PG, an unidentified aminolipid and two unidentified lipids. The primary isoprenoid quinone is Q-10.
The type strain, KHS03 T (=KCTC 42412 T =JCM 31160 T ), was isolated from the intestinal tract of a Japanese flying squid, Todarodes pacificus, which was collected from the East Sea in Korea. The genomic DNA G+C content of the type strain is 59.9 mol%.
